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Abstract

As the interest in solar energy applications for
residential space heating grows, it becomes impera-
tive to evaluate the economic performance of alter-
native designs. We concentrate here on only one
generic passive concept--the thermal storage wall.
For the thermal storage will we examine two types
of storage medium--masonry (Trombe) and water. In
addition we include a night insulation option in
the thermal storage wall concept, thus giving rise
to four alterrative nassive designs., The economic
performance of these alternative designs are
evalyated on a state-by-state basis. Discussion of
the methodology briefly reviews the architectural
design criteria, solar performance characteristics,
and the incremental solar cost of each solar design.
Also included is a discussion of conventional
energy costs, as well as the optimal sizing/feasi-
biiity criterion employed in the economic perfor-
mance analysis, Nationwide feasibility results
are reviewed for each alternative design. In
addition to contrasting the solar systems them-
selves, the effects of two incentive proposals--
the National Energy Act (NEA) income tax credits
and low interest loans--upon each design are
examined, Finally, major conclusions are summa-
rized for each design.

TNTRODUCTION

If passive solar energy is to be considered as
a viable and widely promising conservation option
for new single family homes within the U.S5., the
econcmic feasibility of this option must be demon-
strated, [n addition, thz potential energy savings
from deployment of this option must be established
through analysis of optimal design criterion. In
this paper the emphasis is placed upon evaluating
the economic performance of only one generic
passive concept--the thermal storage wall, For the
thermal storage wall two types of storage medium--
masonry (VYrombe) and water--are examined. An
analysis of night insulation for both storage
mediums 1s also included in the economic perfor-
mance 2valuation,

The ecanomic performance nf these four basic
designs (Trombe and water walls with the option
of nicht insulation) is evaluated on a state-by-
state basis. The section on methodology briefly
reviaws the architectural design criteria, solar
performance characteristics, and the incremental
solar cost of each solar design. Also incluyded in
this section is a discussion of conventional
enercy costs, ¢s well as the optimal sizing/feasi-
bility criterion employed in the economic perfor-
mance analysis. In the third section, nationwide
feasibiiity results are reviewed for each.design.
In addition to contrasting the solar designs them-
selves. the effects of two incentive proposals--
the National Energy Act (NEA) income tax credits
and low interest loans--upon each design are
examined, The potential for energy conservation

is briefly reviewed through examination of solar
fractions and fuel savings. Results are summarized
in section four, with major conclusions reviewed in
section five.

Methodology

There are essentially five basic steps employed
in our evaluation of the economic performance of
solar systems/designs. First, architectural design
parameters for a standard house and solar system
are established. Second, the physical performance
of that system in various locales is estimated
using a computer simulation c?dg based upon a solar
load ratio (SLR) correlation.'»*¢ The solar perfor-
mance characteristics (glazing area and storage
volume) obtained from the simulation model are
used to develop costs of providing alternative
quantities of heat (solar fraction) for each
locale. Fourth, the costs of providing heat
through counventional means (natural gas, heating
0oil, and electricity--both resistance and heat
pumps) are projected for each locale in the analy-
sis. And finally, the potential for solar instal-
lations is examined through our performance evalua-
tion. This evaluation includes analysis of possi-
ble energy savings through assessment of solar
¢-actions and fuel displacements.

A standard home designp (approximately 1500 ft2)
is being used throughout the analysis to allow
interregional comparisons. Moreover, a 'tract’
home concept and common building materials were
assumed, An overview of the thermal storage wall
(in this case masonry or Trombe) concept, along
with the 'tract' home floor plans, is presented in
Fig. 1. The water wall characteristics differ
slightly from those in Fig, 1, with plastic tubes
(12-inch in diameter) replacing the masonry stor-
age medium,

The modified soiar ratio (SLR) correlation pro-
cedures developed by Los Alamos Scientific Labora-
toryl,2 were utilized to estimate solar performance
given the parameters cf tne above solar system de-
signs, This procedure is capable of treating
several design parameters as variables: i.e., nom-
inal building heat loads, glazing type, number of
glazings, glazing area, storage volume, and storage
type. Regfonal variability in weather patterns
are taken into account in the performante compute-
tions. The modified SLR perforinance correlations
are used to determine the glazing area required to
achieve given solar fractions for the specific
solar design under analysis. The ratio of glazing
ared to storage volume was held constant for each
of the solar designs to ease the computational
burden and limit the almost infinite construction
design possibilities.3

For the Trombe wall design and 18-inch thick
masonry storage wall with double glazing is used
in the solar performance analysis.4 Mean air



temperature is kept at 70°F, with a 50F temperature
swing allowed--auxillary heat required when the
interior temperature drops below 650F, and excess
heat purged when the interior reaches 75°%F, System
performance measured by the glazing area required
to provide a given solar fraction {ranging from 5
to 100 percent) was calculated for t.e Trombe wall
design, both with and without night irsulation
(R-8). To calculate the performance of the water
wall, a 12-inch diameter tube with the same double
glazing and allowable temperature swings is used;
again, both with and without night insulation,

Identical building heat loads for each of these
designs were, assumed, with a standard 9 Btu/DD/Ft2
heat load factor esiployet in the soler~ performance
estimates.s Table | summerizes glazing area re-
quirements to achieve representative solar frac-
tions (portion of conventional heat replaced by
solar) for all four system designs in Six represen-
tative sites,

Every effort was made to construct realistic
cost estimates for each solar design. In all cases
we isolate the add-on solar components so that
they may be priced independent of traditional
hame coasts. The specific costs used in our analy-
sis are displayed in Table I, Since the costs
displcyed represent a national average,s we sub-
sequertly adjust these materials and labor costs
for each locale to account for regional
variahility.7

Representative solar costs, both the total (5)
and averageg (5/106 Btu heat provided), for each
design are displayed for six representative sites
in Table IIl. As evident, the total installed
sola- costs for all four passive designs increase
at an increasing rate (all costs are variable).
Also roted is the inability for several designs
to supply more than a given fraction (.60) of
total anncal heat load requirements.

Although many alternative energy futures are
being examined, the NEA as modifiea by the recent
natural gas compromise in Congress is used to
cerstruct projected fuel costs.g A 1977 state-by-
state energy data base for natural gas (S/MCF),
heating oil {¢/9al), and e1ectri§ity (¢/Xwh) prices
hai been constructed previously.” Future energy
prajections are developed: at the wellhead for
natural gas and oil; at the meter for electricity;
with a transportation, distribution, and marketing
cost adjustment component (natural gas and heating
0l only) added to arrive at delivered or metered
cost. To construct equivalent delivered heating
costs tlic above fuel prices are transformed into
a $/106 Btu measure for each year, These figures
are subsequently adjusted for furnace ar heating
equipment conversion efficiency.

Table IV displays the cost of delivered fuel for
six representative sites used in the eccnomic per-
formance analysis. Both current and annualized
prices are contrasted for 1978 and 1990. Note that
nominal dollars are used, The computational pro-
cedures used in constructing both current and
annualized projections are given in footnotes to
the table,

An equivalent set of criteria is employed in the
economic analysis of all solar energy systems/de-
signs., Reduced to its simplest form, a series of
home heating systems that include a soiar conpo-

nent, providing anywhere from zero to 109 percent

of the required heat, are evaluated to determine

the economically optimal mix of solar and conven-
tonal back-up systens.1g The net present value of

a solar addition in concert with the fuel <ost from
a conventional furnace over the heating life is
maximized, This is exactly equivalent tu minimizing
the cost of delivered heat to the home over a spec-
ified life time. The impact of incentives is easily
integrated into this life cycle casting framework,
thus allowing consistent evaluation of the econsmic
performance of passive solar designs under various
governmental policies. Because the optimal sizing/
feasibility criteria has been reportad previous-
17,647 further discussion is excluded from this
paper,

Results

In this section, only selected results from the
economic performunce analysis are presented.
Excluded for all four sclar designs are comparisons
with heating oil and electric heat pusips. Further-
more, since (a) the Trombe wall design enjoys a
much wider consumer acceptance today, and (b) there
is not always a great deal of difference in the
pattern (number of states will vary however) of
results between a Trombe and water wall design, dis-
cussion will center on the Trombe wall design {with
and without the night insulation option) with only
minimal reference to the water wall design,

In addition to examining the individual economic
performance of each solar design, the comparative
economic performance among systems is briefly re-
viewed, The potential for conservation is evaluat-
ed through discussions on solar fractions--the frac-
tion of heat load formally supplied by the tradi-
tional fuels displaced by the addition of one of
the four solar designs. As part of the analyses
the effects of two alternative incentive options
are evaluated: the NEA income tax credits,|y here
assumed applied to passive solar in the same manner
as proposed for active systems, and low interest
loans.12 '

If the Trombe wall without night insulation
design is contrasted with natural gas, only in two
states does it appear economic to install such a
design in a new home: Maine in 1978 and ldaho in
1983. The water wall design without the night in-
sulation option performs no bhetter against natural
gas: only in Maine (1983) does it appear economic
to include a water wall in new home construction.
The solar fraction for both designs 5 rather low
in the two stétes, 10 percent., HNote there are no
incentives included in the economic performance
evaluation of these twe designs yet.

By the addition of night insulation to the
storage wall concept, some additional states join
the feasibility set when natural gas {s the alter-
native fuel. This pattern 1s displayed in Map 1
for the Troube wall design. £xcept for North
Carolina, the additional states are located in New
England, The solar fraction is 10 percent for ajl
states except Maine (.30), For the water wall de-
sign, the addition of night insulation is more
important. In aduaition to those states displayed
in Map 1, a number of states in the West (North and
South Dakota, Montana, HWyoming, Oreqon, California,
and New Mexico) along with the states of Wisconsin,
Virginia, and Maryland join the feasible set. Solar
fractions are either 10 or 1% percent, except for



Maine (.40)., here 2gain, incentives are not yet
t of the economic performance analysis,

‘clusicn of the proposed NEA income tax

*s13 in the eccnomic analysis gives rise to

: 1arger number of states portraying econamic

hility against naturdl gas. As seen in Map 2
f. the Trombe wall design (with night insulation),
the general location of those states achieving
solar competitiveness is the lew England, Midwest,
Plains, and wWestern regions ot the U.S. A portion
of the Southeast region is also incluied in the
general pattern of feasibility., By contrasting
Map I with Map 1, it can be seen that the year of
feasibility i3 moved forward for those states
appearing in both., Generally speaking the first
year of feasibility is 1978, except for those
states in the Plains and Southwest regions where
feasibility is delayed to the period between 1931
and 1984, Solar fractions have increased for the
most part, with the range now between [0 and 25
gercent in all states except Maine (.40). Thus,
inclusiun of the proposed income tax credits
greatly enhances potential fuel savings from the
Trotke wall with night insulation design due to
both increased solar fractions and solar deploy-
ment 1n 3 gredter number of states.

For the water wall with night insulation design
inclusion of the proposed HEA income tax credits
offers sufficient incentive within the econonic
performance analysis so as to make solar competi-
tive against the natural gas alternative in most
of the U.S. (Map 3)., For the most part, those
states evcluded lie within or near major natural
gas supply regions and have relatively lew heat
loads, Solar fractions are generally below 35
percent, again except for Maine (.55), but in many
instances are 5 percentage points above the Trombe
wall (masonry storage) design,

If low interest loans are substituted for the
HEA tax credits, a larger number of states enter
the feasibility set ajainst the natural gas alter-
native, Map 4 portrays these results for the
Tronbe wall design with night insulation. In
addition, for a nu.bur of states feasibility is
achieved at an earliue date than when the NEA tax
credit form of incentive was used in the economic
performance analysis. In general, solar fractions
are 5 percentage points or higher for the low
fnterest lvan option,

For the water wall design with night insulatior
similiar effects are noticed. Three states ex-
cluded from Map 3--Ohio, West Virgiria, and
Arkansas<-now join the feasible set when the low
interest loan option is substituted for NEA income
tax credits, The ynur of feasibility {is moved
forward in a number of states, and the solar frac-
tion is increased in over iwo-thirds of the states.
Although not veported hece, the same type of im-
pacts occur for the Trombe and water wall designs
withaut inclusion of the night insulaticn option,

When both incentive options are combined, as
has been indicated in recent Congression.l debate,
only in Florida and Louisiana ic the Trombe wall
vith night insulation desijn not economically
competitive against natural gas. Only in Florida
is the water wall with night insulation design
shoan not to be competitive. Moreover, the year
of feasibility is 1978 for all states except
Florida and Louisiana (Florida only in the water

wall design comparison}. Solar fractions are always
higher than with either incentive option individu-
ally, with larger differences generally occuring in
the South and West.

A somewhat different picture (friow that dis-
cussed above for natural gas) emerges when electric
resistance is used as the alternative fuel against
which the passive solar designs nust comnete,

Solar is measurably enhanced in its competitive
position due to the higher costs ($/106 Btu) of
electricity across the U.S. Thus, a larger number
of states enter the feasible set, larger solar
fractions are evident, and the actual year of
feasibility is almost always 1978,

The Trombe wall without night ' ulation design
is able to compete against the electric resistance
alternative in all states except Mashington without
the inclusion of incentives. As portrayed in Map 5,
the solar fractions range from 15 to 40 percent in
all states except Arizona, California, and South
Carnlina--the solar fraction in these states being
5 to 10 percentage points higher, States in the
Midwest and Plains regions generally have lower
solar fractions than the remainder of the country,
In all states, excepting Washington, the year of
demonstrated solar competitiveness is 1978,

When the water wall without night insulation
design is compared against the electric resistance
alteraative, a very similar pattern emerges (llap 6).
Hnwever, there dare several differences, In a
number of states the solar fraction is less than
Jfor the Trombe wall. Louisiana, Kentucky, and
West Virginia join the state of Washington in
being excluded from demonstrated feasibility, And
the year of feasibility is delayed beyond 1978 for
INlinois, Michigan, Ohio, QJregon, Pennsylvania, and
Tennessee, Thus, the Trombe wall design displays
better economic performance than the water woll
design (both without inclusion of the night insula-
tion option). But more important for both desiqns
is that the results reported here do show that it
is cost effective now to employ passive solar in
new home construction throughout the country, The
potential fuel savings makes the deplioyment of
passive solar energy a very promising conservation
aption for the future.

When night insuiction is added to either stor-
age wall design, ther2 is an incremental increase
in optimal solar fracvion, For the Trombe wall
design in only two states, Louisiana and Cregon
(with Washington still excluled from ecoromic
fea:ibility), is the incremental increase not seen,
while in the water wall design the increase occurs
in all states (excepling Washington again), Map 7
contains a summary of the incremental change in all
states for the Trombe wall design. As can be see:,
in the majority of states the incremental change 15
15 percentage points or greater. It is primarily
in the Ohio River valley states (plus Arizona and
California) where the incramental change is smaller
(on the order of 5 to 10 percentage points). The
highest change occurs in the Rocky Mountain, dorth-
ern Great Plains, and New England areas. 1hus, as
expected, the more severe the climate, the morve
important becc s the use of night fnsulation for
the maximization of economic performance.

For the water wall design, inclusion of night
insulation in the economic performance analysis
gives rise tn similiar improvements in solar frac-



tions, These results are portrayed in Map B. By
comparing Map & with Map 6, 1t can be seen that
many states make a two step jump; that is the
states as portrayed in Map 8 are in the solar frac-
tion range twn levels above the value portrayed in
Map 6. Although not readily apparent from the mep
portrayed, the percentage point increase is gener-
ally larger than was the case for the Trombe wall
design, In addition to supporting the logical no-
tion that night insulation 1s espectally important
in severe winter climates, the results aiso indi-
cate Lhat night fnsulation is more critical in the
water wal) design (as evidenced by higher solar
fraction increments). For both designs the results
essentially indicate that for a similiar dollar
outlay, the consumer can purchase a more efficient
solar system by adding night insulation to a stor-
age wall concept.

[Because the maximum allowable glazing area has
been constrained to account for permissible tract
home characteristics (8' x 56' south-facing wall),
the inclusion of incentives in the economic perfor-
mance analysis will not increase optimal solar
fraction 1n those states where the constraint is
binding. Therefore, in the remaining brief dis-
cussion of results it will be seen that no visible
change occurs in some northern states. However, in
all cases the dollar cost -aid by consumers in
reaching this maximum solar fraction will be
appreciably lowered, ]

With the inclusion of NEA income tax credits in
the economic performance analysis (electric resis-
tance alternative), further additions are made to
the optimal solar fraction in a number of states.
The incremental increases are portrayed in Map 9
for the lfrombe wall, and Map 10 for the water wall.
As evident, tax incentives are importart for they
Increase substantially the potential energy savings
in new home construction (higher solar fractinns)
and lower the total system costs paid by the con-
sumer. Although the pattern of results for the two
passive solar designs are very similiar, it is
generally true that for many states the incremental
increase is greater for the water wall design., As
shown in both maps, improvements to the conserva-
tion potential (fuel savings from higher solar
fractions) from lowered solar costs 1s beginning to
lessen due to physical construction constraints in
some states.

If low interest loans are substituted for the
NEA income tax credits, more :tates would display
larger incremental changes {anain against the
electric resistance alternative) than those por-
trayed in Haps 9 and 10. [n addition to a larger
number of states with the now higher fractions, it
{s also true that more of them have hit their
physical construction limits; that is additional
glazing area, although economically warranted, is
impossible because nf the 'tract' home design
1imitations. As was pointed out when natural gas
was the alternative fuel, the specific low interest
loan incentive employed in the economic performance
analysis (3 percentage points less than the mort-
gage rate) has greater impact on the results than
the NEA income tax credits.

As expected, a combination of both incentives
performs better than either individually when com-
nared to the electric resistance alternative, The
rombination of incentives increases the solar
fraction in all states, excepting those alrecady

limited by construction pos-ibility--qlazing area
at the "tract® home physical maxirum, This higher
solar fraction leads to even greater energy savings
potential for much of the U.S.

Summary

The following points serve to summarize the
basic findings from the preceeding analysis. As
cautioned 1n previous work,6+748 economic feasi-
bility is a necessary, but not sufficient condition
for large-scale market pene:iration or consumer
adoption. However, the solar fractions included
in the economic feasibility results do give some
indication of the potential level of fuel savings
given deployment of passive solar energy in new
home construction.

* The addition of night insulation to therma!l
mass stor.ge walls makes a significant dif-
ference, not only in the solar perfcrmance,
but more importantly in the economic perfor-
mance of this generic passive concept. In
addition, the effectiveness of night insula-
tion becomes greater as the severity of the
climate inc.-eases,

« The potential use of passive solar designs
in residential space heating applications is
measurably enhanced by incentives against al)
fuel types. This enhancement is especially
evident in the natural gas and heating oil
comparisons.

+ The passive designs evaluated in this paper
are economically competitive against the
eleciric resistance alternative ir all but
a few states. Moreover, on a life cycle
cost basis these designs are feasible today,

« Employment of the low interest loan incentive
option gives rise to higher solar fractions
than under the NEA income tax credit option.
The particular low interest loan incentive
evaluated here reduces solar costs for the
homeowner more than the tax credit does,

* Although the optimal solar fractions reported
here for the four passive designs are gener-
ally low, the thermal mass storage wall
offers on2 the opportunity to incorporate
salar into a new home at costs much less than
their active counterparts. Further, passive
design offers consumers a relatively inex-
pensive solar option to add to his conserva-
tion alternatives.,

Conclusions,

Although this paper indicates the relative eco-
nomic competitiveness of passive solar thermal
storage walls against conventicnal fuel alterna-
tives (even without federal incentives against
electric resistance), the results stem from a
particular set of assumptions concerning fuel
escalation rates, discount rates, system 1ife, fuel
conversion efficiencies, and so forth, Addition-
ally the designs analyzed are ccnstrained in terms
of storage to qlazing area ratics, number of glaz-
ings, temperature swings (nighttime temperature
set-back options were not considered), and insula-
tion R factors. Optimal conservation strategies
must consider an entire array of options, whereas
this study has only considered tie use of winter



heat gain characteristics integrally designed into
the building envelope. Additional elements of
practical energy conservation include, for example,
building shell heat loss preventicn, better use of
thermostatic and heat distribution control, proper
utilization of natural lighting and ventilation
potentials, and earth verming.

The above caveats are not meant to diminish the
results reported here; rather, they point to the
fact that passive solar architecture should be con-
sidered as a key element in energy conservation de-
sign. Sensitivity analyses will of course -how
that 1ife cycle cost competitiveness varies signi-
ficantly with respect to the underlying assump-
tions; however, if feasibility is demonstrated
using a fairly conservative set of assumptions as
we have done here, one can rnore readily accept the
potential for passive solar design as an energy
conservation technology.
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Notes

1. This work has been sunported by the U.S.
Department of Energy, Assistant Secretary for
Conservation and Solar Applications.

2. The Solar home design was developed by Burns
and Peters, an architecturpl firm located in
Albuauerque, New Mexico,

3. In another study as reported by Scott Noll,
the constraint (a constant thermal storage to
glazing area ratio) is relaxed so that the
impacts of thickness variations in a Trombe
wall design can be examined, For all solar
designs evaluated in this paper, a ratio was
selected that appears to offer a high degree
of comfort.

4, For a more comprehensive examination of these
design crigeria. see Balcomb, Headstrom, and
McFarland,

S. This represents a nominal load which accounts
for heat loss through all surfaces except the
south wall,

6. Costs were developed for a given locale then
adjusted to reflect national dollar averages.

7. Mean's Building Construction Cost Data 19785
- - was used as the principal source in adjusting
the national dollar costs to specific sites.

8. Average costs are stated in annualized terms.
The computatioral formula is given as a
footnote to Table III. A more complete )
explanation can be found in Ben-David, et als,
and Roach, et al.

9, For a more complete explanation of {ho -
Jection procedures, see Roach, =% -

10.

A more detaiied and formal description of the
optimal sizing/feasibility methodology can be
found in Roach, et al,

A House-Senate Compromise version of the solar
income tax credits is the specific form under
review here: 30 percent of the first $1500,
20 percent on the next $8500, with a maximum
of $2150 for systems $10,000 and over. The
tax credits are assumed to begin in 1978 and
continue at the same levels through 1984, at
which point they are terminated for 1985 and
following years. This particular compromise
may not represant the final legialative form.

The specific value employed in the low interest
loan incentive is 3 percent: that is the
government would subsidize the difference
between the going mortgage rate and the rate
paid by consumers under this program at a rate
3 percentage points below the mortgage rate.

In t'e specific analysis reported here, a
mortgage rate of 9.5 percent is employed with
consumer loans available for the solar compo-
nents at 6.5 percent.

It is assumed here that the add-on solar costs
associated with passive designs are treated in
the same manner as those proposed for active
systems. That is, full credit is given in our
computations for the additional cost incurred
for the passive designs. An alternative is to
allow only a partial credit in the sense that
not all che add-on cost can be used in tax
credit computations. The impact of such a

tax credit system has been evaluated, but the
results are not included as part of this paper.
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Trorhe Wall water Wald
Cost (3) Cost ($)
“ Component Material Labor Toral Component Haterial JLabor | Tocsl
Masonry foncrete 18" .1 3.8t 6.5 Water Wal! Storage $.03 54 5.%7
12 % 8°
Paint - 2 aides .1t .33 A4 Clazing ~ Class 2.1 .82 3.5
bouble 2 3/16"
Glazing - Glass Double .72 .82 3.56 Fooring 12" Foundation .67 27 .94
2 34
Footing 16" Foundation .82 Y 1.t6 Header Trim or .68 N1 1.6
. Overhang
Header Trim ar Overhang .68 48 1.36 Framing 2.45 et 2.86
& x 8' = 26 frp
Framing 2.45 W61 2.86 Convencional Wall .7
4' x B' » 24 fr) Credit
Conventional Wall ¢ Ln
Credit
fotal System 13.60 Total Systen t2.v0
dight Insulation™ 3.%3 .82 4.3% '

¢alvalt Insul Curtain
b layer R = 10,1

¥ DalTar costs are For national avevages
#*lscd in both Trombhe and water wall de. ‘ane



TABLE {11

TITAL {$) AMD AVERAGL® (!/l{\6 T..) COSY FOR REPRESENTATIVE SOLAR FRACTIONS
{S1X SFLECTED SITES)

SOLAR FRAZTICN

Passive Sclar Destzn .18 .30 4y .60 .75
™ AC Ic AC Tc AC TC AC ™ AC
-
Traare Aall-No Vight Insulation L
Albuquergque, M 97 11.84 pi%41 13.06 3889 15N 6313 19.35 11180 27.09
Madison, Wi 23133 15.6)\ olle 20 48 13640 30 4 .- . . -
Bostcn, A 02 19 65 3068 23.68 10398 32.41 21981 518 -- .-
Seattle, WA 150”7 T.98 3767 22.43 7823 3t.08 16350 $0.46 .- .o
Crarleston, SC 529 13.7Q 173 15.19 207" 17.94 3381 1.91 5592 28.98
Oraha, N3 1932 15.37 656 18.55 9080 2412 12160 36.17 .- ..
“ewmrs mallenight Insulation
Albuguergue, NV 838 11.39 1920 1217 3148 13.3 4019 13.28 309 18.72
MaZison, Wi 1814 12,73 4180 14,66 7334 17.2 11703 29 52 19525 27.3¢6
dosten, VA 1727 16.91 3892 19.08 6519 n.2? 10431 25.83 17385 34.04
Seattle, WA w9 15.94 317 13.680 5478 2.77 9258 28.%5 15793 39.33%
Crarlestaon, SC 400 13.5¢6 1090 14.79 1? 16.2 2703 18.33 4172 22.04
Omaka, N8 1528 13.33 3525 14.70 $993 16.66 9220 19.2% 149342 24,99
water Wail-Ne Nignt Insulation
Alboauerque, NM 865 10.48 1897 11.49 Jose 12.47 4770 14.45 1870 19.07
Malison, Wl 0 16.08 502 .78 14185 $1.08 . - -- --
Soszon, MA 2045 19.13 4967 k3 I3 9150 28,82 19317 15.1¢ .- .-
Seattie, wa 1336 15.91 3442 20.49 T160 28,42 16272 4844 .- -
Charleszon, SC 451 11.67 1007 13.08 1062 14.35 2381 1%.94 a7y 20.09
Omata, \B 1858 14.81 4139 17.68 8411 R0 1) 15991 3.9 .- --

aater mali-Night Insclation

Albugiergue, N 789 n.a 1677 10.64 2683 11.34 3503 5649 14,34
Madison, wl lod4% 11.87 3800 13.3% 6418 15.0% 10132 16363 22 96
Bostan, MA 1560 15.2° 3388 17,06 LHLH 18.87 5780 1580 35.79
Seatzle, W\ 1120 13.9¢ 2618 16,36 1694 19.50 7874 12846 32 03
Charleston, SC "8 11.60 949 12.8¢ 1830 13.8¢ 2209 T2 17,2
Cuaha, N8 1433 11 96 b152.] 3.1 $189 14.43 7783 ¢ 12107 20.20
-
TC = Total AC * Average Cost
* The average cust is defined a9 follows:
AT e Fldox [‘_C AL UAN ] where
FCR » fixed charge rate = CR - OP 0P = operating and asintenance T » 30
" 2 expenses (expressed as a
VC = variable cost (§/fe°) percent of solar cost) CR e 102
A{F)e glaing 1colleztar) areas OP o .005 for Trombe and Water Wall
! L e s AR ! ¢ .
requite] to obtain F designs w/o night insulation
'
F = solar fraction T ° real rate of interest .01 for Troahe and hater Wall designs
EC o fixed cost (8) AIR e annual inflation rate with night insulation
LOADe 8ty res1rezency for the hone Yalues used in the derivation of
AC = average cost of s..ar heat ::.;;l:;:",l' cost figures are
provided fir given F s
CR ® capital recavery r = .,03%
faceor « —Loo AR = .06
AT 1 e .09
. TARE v
Cr$t OF DELIVEPFO FUEL® ““0‘ BTU} BY FUEL TYPE.-CURREMT B ANWUALTZED®® PRICES (N 1978 ANO 1950 DOLLARS
($1x Selected Sites)
Ratural Gas MNeating 0¥ Electric Resistonce Heat Punp
Curreat Annualized Current Annual i ted Cyrrent Annyalized Current Annualized
Locatton 1] %0 i) 9 n 90 s %0 n » T | ] 1] L ] n 9
Albugquerque, Wt 2.64 10,40 8.05 20.09| .21 LI} I2.2) .U [12.08 27952080 6. A1%8. 73 1)85012.18 2492
Madison, WL 3.73 12.58110.01 24.00| 6.08 13.47]10.94 20.79 12,20 27 ué|20.90 6.6 [8.8) 12.72{15.93 .06 .
Boston, WA 5.06 15.08 112,43 26,801 6.40 14,29 2,64 26.17115.97 38.20]12.89 ra.t2)9.67 19.46[ V7.5 8.1
Seattle, WA 028 13.61f10.96 23.93]6.36 14.09]12.90 25.08] S.20 N.wa |00 232)2.92 s8] 829 108
Charlaston, & 2.9 1104 8.6 21.24] 6.2¢ 12.88]12.20 25.44)13.72 .M ]800 G2 M |6.60 13.28) 1,94 2002
Oraha, KO 2.49 10.29) 2.96 19.89| 6.10 13.57{12.0) 2¢.94112.08 27.38] 4.7} %5.07]7.87 15.84] 10.2¢ 2965
*Corracted for zombustion effectency a3 follows:
Gay L
01} . .60
€lactric Resistanca * 1.00
Heat Purp ® yarisble COP by ltocation
‘ *
*oThe Annustited ot 1o yedr £° 1y defined a1 AL o (h - Z (‘%) LTS
te)
whery: ) ]
Cq- * current deltvered cost ($/10°Btu) in year t* .\‘. » annualited delivered cost {37107 Btu) in year t*
1 noming) disyount rate o £ ¢ AIR ¢ ® real dlicount rate
¢ gystem life In years ALR s annual inflation rate
l 1+ the derivation of these i
Ch = capitel recovery factor = —reyr (' : ".:':o‘“;:‘:‘ the derie ¢ figures are
. ARG T N
IRENILIA re .0 0
[ SR NN R 990) AR = .06 CR o 162 (Ints assumes morlgage § nominat
. 1. .00% discount rated are toentical. )



TAME ¥

TOTAL () AND AVERAGE® (9/10% Scu) COST FOR REPRELENTATIVE SOLAR FRALTILMS
{31 stLECTED $SITRS)

GOLAR FRACTIOW

N .5 K11 80 )
Solae 3ystes Devign T A ™ ac s aC ©c AC T Ac
Trombe Wall-No Might lnsulatica
Albuquerqua, ™ " 11.86 ki3 31 130, b 11] 1mn (3111 19.13 1.0y
Madison, WI 1) 13.6) 114 10.48 13640 30 of - - -
Baoston, MA 102 12.63 3046 1.68 10198 32 41 219%4 $1.31 - P,
Seattle, WA 1507 i7.9% ne? LR 723 3 0% 16950 36.46 -—
Cruarleeton, $C 329 1.1 un 13..9 077 17.% 3ul 1.9 3392
Casha, ¥B 1931 13 §9 4% LIS T3 9080 02 18180 .12 - -—
Trowbe Wail-Ni "¢ Insulstion
Albuquerqua, MM (1] 1.3 1920 1.n pITY ] nn &89 13.28 nr» 18.11
Padison, Wl 18146 wn 4100 16.66 N 11.20 103 10.312 19503 1.3
wA (213 N un 15.0% (331 .17 10631 1%.9) 12383 Yo .04
1 15.9 Jon? 18.80 3679 nn L231) 8.8 13793 3.3
800 1).36 1090 w.rn t7% 16.22 2710} 18.33 (Y321 22.64
1398 0u.n 3528 14,70 b1i)) 16.66 12120 19.23 14902 15899
alr Collectar/Rock Storsge
Albuquarque, W e 26.59 403 % 316 20.97 489 20.%% 9297 2.1
Madiaon, WI L] 12.20 1917 1.0 826 19 40 12780 21.04 18341 2648
Boston, MA 4274 29.30 1348 - rn 24.40 118 23.74 13951 9.3
Sesttle, VA o n.e 4310 1236 .2 10728 IN.bs 16406 38 .60
Chatleston, SC tse 40.41 W73 6.0 ({3} 39.30 Jes2 37.38 1380 LY
Omaha, “9 [Y3%) .30 343) nn ny 0.3 10828 n.n 13416 6.2
TC » Total AC = Average (ost
*The average cost is defined as follows:
VC x A(F) +» FC
AC » FCR & [ ToAD whare
FCR © fue charge rare » CR ¢ OF QP = operating and maintenanci .ipenie T = W
VC » variable cosc (/6% ::ff;""‘ as & percent of solar [CRTINYY
A(F) « glaring (coilector) aress required to ‘ S e AlR OP s ,00S for Troabe Wall
obtain F i Jdesign w/o night
¥ o solar fraction r = ceal rate of interest tasulation
¥ o fiasd cost ($) AfA = acnual inflation rate :«?lgr" ':'::-bc ::ll
N Values used in the derivation of these "’ :“ ‘;o i
toap - = Bty requirements for the huse average caost figures are as follces: niulation
AL = average cost of solar heat provided . .018 015 for Alr Coltectors
for given F » * ‘ Rock Storuge systea
oL} = capit ! recovery factor = ! AR - .06
1 __I_)T i . 095 **For Alr Collector/Roch Storage
. -(l'l sctivy tystem the Clrst
representative fractivon 1> , '
instead of ,15.
o e rn S s
! b
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SEE Man <

SOLAR FEASIGILITY FOR TROMBE WALL WITH NIGHT INSULATION SOLAR FEASIBILITY FOR TROMBE WALL WITH NIGHT INSULATION
ALTERNATIVE FUEL - NATURAL GAS

NEP TAX CREDIT INCENTIVE
(30-YEAR LIFE CYCLE COST BASIS)

ALTERNATIVE FUEL - NATURAL GAS
NO INCENTIVES
(30-YEAR LIFE CYCLE COST BASIS)

YEAR FEASHILITY KEY YEAR FEASIBILITY KEY

1978 1979-1930 1981-1985 1986-1990 1978 1979-1980 1981-1385 1986-1990

‘an 3 Mo
SOUAR FEASIBILITY FCA WATCR wNaLl WITH NIGHT INSULATION SOLAR FEASIBILITY FOR TROMBE WALL WITH NIGHT INSULATION
ALTERKATIVE FuZL — NATURAL GAS ALTERNATIVE FUEL -~ NATURAL GAS
NEA Tax CREDIT INCENTIVE LOW INTEREST LOAN INCENTIVE
(30-YEAR LIFE CYCLE COST BASIS) (30~YEAR LIFE CYCLE COST BASIS)

YEAK FEASIBILITY KEY

%:g LT W@ m

1978 1979-1980 1981-1985  1986-1390
Map 6
Map 5 P
SOLAR FEASISILITY FOR WATER walLL W/O NIGHT INSULATION
SOLAR FEASIBILITY FOR TROMBE WALL W/O NIGHT INSULATION ALTERNATIVE FUEL ~ ELECTRICITY (RESISTANCE)
ALTERNATIVE FUEL - ELECTRCITY (RESISTANCE) NO INCENTIVES
NO INCENT!VES (30-YEAR LIFE CYCLE COST BASIS)

(30-YEAR LIFE CYCLE COST BASIS)

\&\&9&'- Z

e e e W=
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s i ==y
= e

Feouiditity ochisved
n 1978 for o atotes

SOLAR FRACTION KEY i w @ wan  SOLAR FRACTION KEY e
easop
10-.25  .30-.40  .45-.55 60+ 30-.40  .45-.55 60+



Man R

Map 7
SGLAR FEASIBILITY FOR WATER WALL WITH NIGHT INSULATICN
ALTERNATIVE FUEL - ELECTRICITY (RESISTANCE)
NO INCENTIVES
(30-YEAR LIFE CYCLE COST BASIS)

IOLAR FEATIBILITY FOP TROMBE WALL W!TH NIGHT INSULATIGH
ALTERNATIVE FUEL - ELECTRICITY (RESISTANCE)

NO INCENTIVES
(30-YEAR LIFE €YCLE COST BASIS)

Feoribiity achivved
w1978 13r o siates

Ghorge in soiar
traction from Mop 7
‘ S S
SOLAR FRACTION KEY Al SOLAR FRAU.TION KEY ccopt *4
: o EE . e5n [0 2 #ZE2
15 .20+ 10~ IN-.40 .45-.55 .60+
Y]

SOLAR FEASIBILITY FOR WATER WALL WITH M GHT INSULATION
ALTERNATIVE FUEL - ELECTRICITY (¢ SISTANCE)
NEA TAX CREDIT INCENTIVE

- (30-YEAR LIFE CYCLE COST BASIS)

SOLAR FEASIBILITY FOR TROMBE WALL WITH NIGHT INSULATICN

ALTERNATIVE FUEL - ELECTRICITY (RESISTANCE)
NEP TAX CREGIT INCENTIVE
(30-YEAR LIFE CYCLE COST BASIS)
=2
S
=
=
15 = {
Chgrge in solor b B
fracrion tram Nap i
Fearitility achieved I {XD $oc bty acneee?
SCLAR FRACTION KEY + Al
il AR V] ]
10 e 20~

in 1978 tor oM ytates.
E ///‘
’j, .

o
72

Ghange in soior
traction trom Mop 7

SOLAR FRACTION KEY
: T i
A5 .20+
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